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Kamu mungkin sering lihat pompa di plant
atau kilang migas, tapi tau gak kalau
hampir semua sistem di sana, tergantung
sama si “pompa” ini?

Kenapa Hampir Semua Sistem Butuh
Pompa?

Teknologi Minyak Bumi dan Gas Alam

Karena di dunia migas, hampir semua
proses itu tentang memindahkan fluida!

Mulai dari minyak mentah, gas, air injeksi,
sampai chemical treatment semuanya
butuh pompa buat ngalir dengan tekanan
dan flow yang tepat.
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Pompa Bukan Hanya“Alat Pemindah Cairan”

Di lapangan, pompa dipakai buat:
-Transfer oil dari sumur ke separator

- Injection air atau kimia ke reservoir

- Circulation fluida pendingin dan proses

Tanpa sistem pompa, produksi bisa berhenti
total @&
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Fluid Transport Equipment
L NN,
w 25 = o
A centrifugal pump with a capacity of 100 gpm (22.7 m3/h) at a total c ” \\\\ &

. .. . . H96 i
discharge head of 150 ft (45.7 m) and requiring 10 ft (3.05 m) NPSH is z S'NGELDEU@%%E/\\\\ 2
available to operate an eductor to pump water at 50 ft (15.2 m) below = . N 14 g
grade. Find the quantity of water that can be delivered at 60 Ib/in2 (4.1 \ ,

. 5
bar) gage (see Figure 17). BN TR
FIGURE 2 NPSH versus efficiency factor (Schutte and Koerting)
Solution
. . . . L. . 41b
The available operating head is 138.6 ft + 50 ft — frictional loss. As a first Eso L;;’mg GAGE CENTRIFUGAL PUMP
assumption, the frictional loss is ignored and the head ratio (R,) is (10.8 m¥h) (22 7mismy 100 gpm (22.7 m¥/h)
188.6/40.83 = 4.62 (57.4/12.38 = 4.62). 47.4 gom 100.gom /2T o e NPaHR
From Figure 2 at NPSH 33.6 ft (10.24 m), € = 0.9 ) T =¢
i H.4FT (35 FT
R.. — H, - H, where H, — H, = operating head, ft (m) 50" 0 )
" H,-H, H, — H. = discharge head, ft (m) isam o Q2
2 gg;’;l 4100 §om (22.7 mivh)
— ~~Th
R,=e¢VRy—1 64 FT 2.23 FT {0.68 m) FRICTION
FgI%?Irg)N {50.8mm) 2726 mm) PIPE

With QR fixed at 100 gpm (22.7 m3/h), hT 47.4 gpm (10.8 m¥h)

s

R,=R,=09V462—1=0934 m _EP‘P,PE[J;@D ~EDUCTOR

FIGURE 17 Centrifugal-jet pump for Example 4

=
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Laboratory Testing of Crude Qils

Eductor: A liquid jet pump using a liquid as motive fluid

NOZZLE

80DY

DIFFUSER —.’

MOTIVE My

FLUID DISCHARGE

4 _ENTRAINMENT

SUCTION
FLUID

FIGURE 1 Eductor elements and terminology

COMPRESSION

MIXING ————————b

SUCTION
CONNECTION

SWITCH

CENTRIFUGAL
PUMP
NOZZLES (SIX
Egiisrté?fm NOZZLES ARE USED
E FOR SIZES LISTED.
NUMBER INCREASES
IN SIZES ABOVE 6"
[152 mm]. )
I X EDUCTOR
FOOT VALVE
STRAINER

DISCHARGE CONNECTION

FIGURE 15 Multinozzle eductor (Schutte and
Koerting)

FIGURE 16 Centrifugal-jet pump combination
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TABLE 7 Relative capacities (flow rates) of annual eductors

Capacity of standard 13-in (38.1-mm) mixing eductor,
5 1b/in? (0.34 bar) gage discharge pressure

Motive pressure, 30 (2.1) 40 (2.8) 60 (4.1) 80 (5.5) 100 (6.9)
Ib/in%*(bar) gage
Entrainment, ft%h 2.6 (0.07) 7.1(0.20) 17.9(0.51) 22.0(0.62) 23.8(0.67)
(m%h)
Motive flow, gpm 12.7 (2.88) 14.6(3.31) 17.9(4.06) 20.7(4.70) 23.1 (5.24)
(m?/h)
Relative capacities of standard sizes
Size, in (mm) 11 (31.8) 13 (38.1) 2 (50.8) 21 (63.5) 3(76.2) 4(102)
Capacity ratio 0.62 1.00 1.43 2.86 4.76 8.80
Source: Schutte and Koerting.
HEAD RATIO RH.%:_::,;EE ::j
° \E| I4I> 5]3 8 9 10 20 30 405360708|01lm
Ip
\ T/QsL) ‘#(4}| ﬁ E
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FIGURE 3 Estimating operating A NN GO
ratios for liquid jet eductors. An EEN ,;ﬂgé';ﬁffsgﬁr:
eductor can be designed foronly | SFTSmLIET CURVE ApPLIES ’W 9
one head point <}~ SFT (1.5m) aND POSITIVE HEADS %Lﬁss\)\\
(Schutte and Koerting) ¢ 1 1T 1T 11T 1




Fluid Transport Equipment

in USCS units R, = 1 T% = 115?;)4 = 51.7T gpm
. 1
in ST units Q, % ~ 11.7 m*h

The motive line size is now chosen by selecting a reasonable velocity and frictional loss.
Choosing a 2-in (51-mm) pipe size, velocity is 5.57 ft/s (1.70 m/s) and frictional loss is
6.1 ftH,O (1.86 mH,0). The revised operating head becomes 188.6 — 6.1 = 182.5 ft
(57.4 — 1.86 = 55.6 m) and

in USCS units R,=09V182.5/40.83 — 1= 0.9
in SI units R,=09V556/12.38 —1=10.9

then @, = 100/1.9 = 52.6 gpm (22.7/1.9 = 11.9 m*h). (This value is close enough so that
a third trial is not necessary.) The suction flow that can be delivered is then

in USCS units 100 — 52.6 = 47.4 gpm
in ST units 22.7 — 11.9 = 10.8 m*/h

Teknologi Minyak Bumi dan Gas Alam
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Fluid Transport Equipment

A pipeline connecting two tanks contains four standard elbows, a plug valve that is fully open and a gate valve that is half open. The line is
commercial steel pipe, 25 mm internal diameter, length 120 m. The properties of the fluid are viscosity 0.99 mNM-2.s, density 998 kg/ms3.
Calculate the total pressure drop due to friction when the flow rate is 3500 kg/h.

Solution Method 1, velocity heads
Cross-sectional area of pipe = %(25 x 10_3)2 = 0.491 x 10~°m? A velocity head = uZ/Zg = ].982/(2 x 9.8) = 0.20 m of liquid.
Head loss = 0.20 x 14.7 =2.94 m
Fluid velocit 3500 ! ! 1.98 m/ 2.94 x 998 x 9.8 = 28,754 N/m?
uid velocity, u = X x — = 1.98 m/s , =2. .8 =28,
¥ %= 3600 © 0491 x 103 998  pressue o o
120 1.98
Reynolds number, Re = (998 x 1.98 x 25 x 10’3)/0.99 x 1073 Friction loss in pipe, APy = 8 x 0'0032(25(x 1(;3)998 X —
4
Absolute roughness commercial steel pipe, Table 5.2 = 0.046 mm Total pressure = 28,754 + 240,388 = 269,142 N/m* = 270 kN/m”
Relative roughness = 0.046/(25 x 10-3) = 0.0018, round to 0.002
From friction factor chart, Figure 5.7, f = 0.0032 Method 2, equivalent pipe diameters
) Extra length of pipe to allow for miscellaneous losses
Miscellaneous losses
=735 x25x 107 =184 m
fitting/valve number of velocity equivalent pipe So, total length for AP calculation = 120 + 18.4 = 138.4 m
heads, K diameters (138.4) 1,982
APy =8 x 0.00327'3998 X — = 277247 N/m?

entry 0.5 25 (25 x 10-3)

elbows (0.8 x 4) (40 x 4) — 277 kN/m?

globe valve, open 6.0 300 _—

gate valve, 1/2 open 4.0 200

exit 1.0 50

Total 14.7 735
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Fluid Transport Equipment

A tanker carrying toluene is unloaded, using the ship’s
pumps, to an on-shore storage tank. The pipeline is 225 mm
internal diameter and 900 m long. Miscellaneous losses due
to fittings, valves, etc., amount to 600 equivalent pipe
diameters. The maximum liquid level in the storage tank is
30 m above the lowest level in the ship’s tanks. The ship’s
tanks are nitrogen blanketed and maintained at a pressure
of 1.05 bar. The storage tank has a floating roof, which
exerts a pressure of 1.1 bar on the liquid. The ship must
unload 1000 tonne within 5 hours to avoid demurrage
charges. Estimate the power required by the pump. Take the
pump efficiency as 70 per cent. Physical properties of
toluene: density 874 kg/m3, viscosity 0.62 mNm?2s.

Teknologi Minyak Bumi dan Gas Alam

Solution

Cross-sectional area of pipe = 2(225 x 107%)? = 0.0398 m?

1000><103>< 1 y 1
5% 3600 ~ 0.0398 ~ 874

Reynolds number = (874 x 1.6 x 225 x 10_3)f0.62 x 1073
= 507,484 = 5.1 x 10° (5.4)

Absolute roughness commercial steel pipe, Table 5.2 = 0.046 mm
Relative roughness = 0.046/225 = 0.0002

Friction factor from Figure 5.7, f = 0.0019
Total length of pipeline, including miscellaneous losses,

=900 + 600 x 225 x 107° = 1035 m

= 1.6 m/s

Minimum fluid velocity =

1035 1.627
Friction loss in pipeline, APy = 8 x 0.0019 x (—225 y 10_3) x 874 x
= 78,221 N/m* (5.3)
Maximum difference in elevation, (z; —z2) = (0 — 30) = —30 m

Pressure difference, (P; — P2) = (1.05 — 1.1)10° = —5 x 10° N/m?
Energy balance

9.8(—30) + (=5 x 103)/874 — (78,221)/874 — W =0 (5.5)

Power = (389.2 x 55.56)/0.7 = 30,981 W, say 31 kW. (5.6a)
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Fluid Transport Equipment

Estimate the optimum pipe diameter for a water flow rate of 10 kg/s, at Estimate the optimum pipe diameter for a flow of HCl of 7000 kg/h at 5
20°C. Carbon steel pipe will be used. Density of water 1000 kg/m3. bar, 15°C, stainless steel pipe. Molar volume 22.4 m3/kmol, at 1 bar, 0°C.
Solution Solution
Molecular weight HC1 = 36.5.
d, optimum = 293 x (10)*>% 100037 (5.14) 365 5 273
— 77.1 mm Density at operating conditions = m X 1% 583 = 7.72 kg/m®
use 80-mm pipe.
Viscosity of water at 20°C = 1.1 x 10~ Ns/m?, 7000\ "%
1cosity of watel a x S Optimum diameter = 260 () 7.727957 (5.15)
oo 4G 4% 10 45 % 105 3600
— = = 1. X
T aud T wx 1.1x 1073 x 80 x 10-2 = 1724 mm
=4000, so flow is turbulent. use 180-mm pipe.
Comparison of methods: Viscosity of HC1 0.013 m Ns/m?
Economic diameter
4 7000 1
E ion 5.14 180 Re = — x X — — = 1.06 x 10°, turbulent
quation J. mm 7 3600 0.013x103x180 x 1073 —m=
Peters and Timmerhaus (1991) 4 in. (100 mm) c . ¢ ethods.
Nolte (1978) 80 mm omparison of methods:
Economic diameter
Equation 5.15 180 mm
Peters and Timmerhaus (1991) 9 in. (220 mm) carbon steel
Nolte (1978) 7 in. (180 mm) carbon steel

. . . DEPARTEMEN
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Fl U I d | ra n S pO' I Solution Design for a maximum flow-rate of 20 per cent abave the average flow.

ODCB density at 20°C = 1306 kg/m®.
Viscosftlxl,fs' ggamNs/mz (0.9 cp)g " Friction loss = 1.02 x 1.22 = 1.5 kPa/m

Eq U I pl I Ie nt Estimation of pipe diameter required Miscellaneous losses

. . . . Take as equivalent pipe diameters. All bends will be taken as 90° standard radius elbow.
Calculate the line size and specify the pump typical "El"c“lyofg(‘) U“q““i 2 mis Line fo pump suction:
i i i i . flow = —— = 2.78 kg/
required for the line shown in Figure 5.15; mass flow = —=00 gs Jength —15m
i -di 278 bend, 1 x 30 x 40 x 107% = 1.2 m
material ortho-dichlorobenzene (ODCB), volumetri flow = 275 _ 213 1070 mis e a0 <0 — o7 m
flow-rate 10,000 kg/h, temperature 20°C, I
. . ea of volumetric flow ~ 2.13 x 1073 106 x 102 2 :
pipe material carbon steel. area of pipe = — 0 oy = 7z~ 106x10™m i
- entry loss = T(see Section 5.4.2)
i 4
diameter of pipe = (1.[]6 x 10-3 x —) =0.037 m 1306(1.7 x 1.2)2
A T at maximum design velocity = BT SvrT 2.7 kPa
x
‘y ; = 37 mm
/,I Or, use economic pipe diameter formula: Control valve pressure drop, allow normal 140 kPa
B 053 037 (x1.2%) maximum 200 kPa
106\ = d, optimum =293 x 2.78 x 1306 (514) Heat exchanger, allow normal 70 kPa
2 — 354 mm (x1.2%) maximum 100 kPa
Il/‘ Orifice, allow normal 15 kPa
Take diameter as 40 mm (x1.22) maximum 22 kPa
,_‘E.J IE T cross-sectional area = %(40 x 107%) = 1.26 x 107% m? Line from pump discharge:
E -
T} © . length=4+55+204+5+05+14+65+42 = 445 m
s g Pressure drop calculation bends, 6 x 30 x 40 x 103 = 7.2 m = 72m
- Ives,3 x 18 x 40 x 1073 =22 m = 22m
N 2.13 x 1072 vaes,
o : _ X -
Q fluid velocity = 126 w102 = 1.70 m/s 540 m
b ﬁ}c/ Friction loss per unit length, Af: The line pressure-drop calculation is set out on the calculation sheet shown in Table 5.4.
E 0 Preliminary layout 3 :
5 1306 x 1.70 x 40 x 10~ Pump selection:
g e A not to scale Re = x x Sx =9.9x 10 (5.5) P
0.9 10~ flow-rate = 2.13 x 10=% x 3600 = 7.7 m*/h
Absolute roughness commercial steel pipe, table 5.2 = 0.46 mm differential head, maximum, 44 m
Relative roughness, e/d = 0.046/40 = 0.001
Friction factgr from Figure 5.7 /f = 0.0027 select single-stage cenirifugal (Figure 5.6)
(h 1.72 2
Afl =8 x 0.0027 x mx 1306 x T: 1019 N/m (53)
X
Figure 5.15. Piping isometric drawing (Example 5.8)
= 1.02 kPa
=Y
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Table 5.4. Line calculation form (Example 5.4)

. Pump and line calculation sheet
Fl U I d Tra n S po rt Job no. Sheet no. By RKS, TI7I79 | Checked
4415A 1
Fluid ODCBE DISCHARGE CALCULATION
E . Temperature °C 20 Line size mm 40
q U I pl I le nt Density kg/m* 1306 Flow Nom. | Max. | Units
Viscosity mNs/m? 0.9 uz Velocity 1.7 2.0 m/s
Calculate the line size and specify the pump required for the line shown in Normal flow kg/s 218 Af Friction loss 0] 15 | kPam
. ] i Design max. flow kg/s 3.34 L Line length 54 — m
Figure 5.15; material ortho-dichlorobenzene (ODCB), flow-rate 10,000 kg/h, ALL; | Lineloss 5 kP2
. . SUCTION CALCULATION Orifice 15 22 kPa
temperature ZOOC’ plpe materlal Carbon SteeL Line size mm 40 30% Control valve 140 200 kPa
Flow Norm. | Max. | Units Equipment
Table 5.5. Pump Specification Sheet (Example 5.8) u Velocity 17 | 20 | mhs (a) Heat ex. 70 100 KPa
Af Friction loss 1.0 1.5 | kPa/m (h) — — kPa
Pump Specification I Tine length 34| — m © — — | kpa
Af Ly Line loss 34 5.1 kPa (6) Dynamic loss 279 403 kPa
Type: Centrifugal o2 | Entrance 19| 27| Kpa
No. stages: | (40 KPa) | Strainer — — | kP |z Static head 65 | — m
Single/Double suction: Single (1) Sub-total 5.3 78 | KkPa | pgz 85 85 kPa
Vertical/Horizontal mounting: Horizontal Equip. press (max) | 200 | 200 kPa
Impeller type: Closed 7 Static head 1.5 1.5 m Contingency None None kPa
Casirlg dESigﬂ press.: 600 kPa fireral 19.6 19.6 kPa (7) Sub-total 285 285 kPa
- o Equip. press 100 100 KPa | (7) + (6) | Discharge press. 564 685 kPa
design temp.: 20°C () Sub-otal 1196 | 1196 | kPa | @ Suction press. 1143 | 1118 | KPa
Driver: Electric, 440 V, 50 c¢/s 3-phase. ® DIF. press. 150 576 Pa
Seal type: Mechanical, external flush (2) — (1) | (3) Suction press | 114.3 | 1118 | kPa
Max. flow: 7.7 m3/h @ VAP PRESS. | 01 | o1 | wa | ©/8 H " "
. . (3) — (4) | (5) NPSH 1142 | 111.7 | kPa Control valve
Diff. press.: 600 kPa (47 m, water) o ST 5o | o | e .
C 201
1 bar —~
C 203
A - ( 2 bar
h
H 205
£ £
© ©
od ~ —r
v Uy Z,=25-1=15m v
Z,=75-1=65m T/ 77
. . . -’@" DEPARTEMEN
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Pompa Angguk (Sucker Rod Pump)

Saddle Bearing
Bearing :
Wireline | 53;’;350“ Equalizer
Hanger Pitman
Ladder Wrist  Crankshaft
Pin Gearbox
Carrier o ofs Reducer Sheave
Bar
Polished = BeltCover
7 Rod CCrar:k :J ! Motor Base
Wellhead ounter
Weight flake
ever
[ 1 N ]
N ‘s 7 A 7
- Base/ﬂ }educar
Flowline 377 = Base
[— Casing
Tubing
Rod String
Plunger
[+] Barrel
—I»
-
>
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Pompa Angguk (Sucker Rod Pump)

Example 5.6

Teknologi Minyak Bumi dan Gas Alam
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